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INTRODUCTION 

The eva lua t ion  of t h e  e f f e c t  of t h e r w l  aginC; on t h e  perform- 
ance of wire i n s u l a t i o n  a t  c r y o p n i c  temperatures c o n s t i t u ' x s  t h e  
major e f f o r t  of  t h e  p re sen t  work .  The procedures and t e s t  f a c i l i t i e s  
were descr ibed i n  t h e  f i f t h  qua r t e r ly  r epor t  dated October 15, 1961. 
This s i x t h  r epor t  summarizes f l e x i b i l i t y  ~ n d  d i e l e c t r i c  neasurements 
obtained t o  da t e  on wires aged i n  zir a t  120 C and 250 C and i n  a 
vacuum o f  between 10-5 and 10-6 Torr a t  120 C .  Breakdown nezsure- 
ments a r e  i n  progress  and will be reported'  i n  t h e  seventh q u a r t e r l y  
r epor t .  The thermal aging p r o c r m  cont inues.  

Prel iminary t e s t s  i n  t h e  s t u d y  of  t he  crushing of wire in- 
s u l a t i o n  a t  cryogenic temperatures a r e  descr ibed i n  t h i s  r epor t .  

The program inc ludes  a l s o  the developKent and eva lue t ion  of 
f l a t  r ibbon cable  f o r  cryogenic a p p l i c a t i o n s .  Test  r e s u l t s  f o r  
s e v e r a l  types  a r e  repor ted .  

The d i e l e c t r i c  evz lua t ion  o f  cryogenic l i q u i d s  has  beell de- 
layed by t h e  p re s su re  of o t h e r  work. However, i deas  f o r  s i x p l i f i e d  
approaches have been developed and will be t r i e d  i n  the  corriing 
qua r t e r .  

SUKKAZY AND CONCLUSIONS 

As a genera l  observat ion it i s  i n t e r e s t i n g  t o  note  t h a t  a t  t h e  
start of t h e  sub jec t  program r e l a t i v e l y  l i t t l e  information ex i s t ed  
on t h e  p r o p e r t i e s  of non-metall ic n a t e r i c l s  a t  cryogenic temperatures.  
Cata l ized  a t  l e a s t  i n  good p a r t  by Y n i s  program, a number of o t h e r  
i n v e s t i g a t i o n s  on s e v e r a l  types of non-metall ic m a t e r i a l s  a t  cryogenic 
temperatures  a r e  now underway. 

Hire Evaluat ion 

The remarkable p r o p e r t i e s  of P:L i n s u l a t i o n  a t  cryogenic 
temperatures  continue t o  be born ocri - 3  evqlurrt ion cont inues.  The 
i n t r i n s i c  l i a b i l i t y  of poss ib l e  poor  con t inu i ty  i n  a s o l u t i o n .  coated 
Wire appears  t o  be the  o n l y  l i m i t ? t l o n s .  h c h  a l i m i t a t i o n  w i l l  be 
of func t iona l  importance only iI c? i s r c i i t i nu i t i ea  by chance r e G i s t e r  
in t h e  bundled cons t ruc t ion .  F o r  c ryo-~- :v ic  ?.?plications it  seems 
f e a s i b l e  t o  d i e l e c t r i c l y  t e s t  l e n ~ t h s  b L  such bundled conductors s o  
as t o  e l imina te  any with d i a c o n t i n u l t i e b  i n  contac t .  
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To t h e  supe r io r  xechanical  i ' l 2 x i b i l i t y  of KL a t  4 . 2  K c::n now 
be added the  anazinzly Good per;or;t?nce i l i i d e r  crushinr; strec::: Z L  
well.  The proposed s t u d y  of criislili?. Lwclstance i n  which s!;c.;r i s  
corcbined with coxpression s e e r s  ixpo : t - . n t  nlnce such con2 i t i o n s  m y  
ex io t  i n  p r a c t i c z l  c i t u a t i o n s .  

I f  c7 p o s i t i v e  spacer  is needed of [--renter t h i ckness  than i s  
f e a s i b l e  w i t h  f i lm  coa t ing  ( t r i p l e  KL is  a v a i l a b l e ) ,  t h e  a l u y i n u z  

i n s u l a t i o n s  can be used, which a l s o  possess supe r io r  e l e c t r i c n l  and 
mechanical p r o p e r t i e s  a t  cryogenic temperatures.  Such asbes:os 
i n s u l a t i o n  i s  l imi t ed  by poor e l e c t r i c n l  p r o p e r t i e s  and moisture 
r e s i s t a n c e  a t  more normal temperatures.  Such  problexs can be a l l e v i -  
ated by us ing  the  a sbes tos  i n s u l a t i o n  over XI KL coat ing  w i t h  poss i -  
ble  advantage i n  some app l i ca t ions .  

vantages f o r  a p p l i c a t i o n s  involvinc aton;ic r a d i a t i o n .  However, 
information from o t h e r  sources  cont inues t o  show r e l a t i v e l y  ;ood 
performance of ML and H f i l m  under r a d i a t i o n  a l s o .  

phosphate inorganic  bonded and the  ML coated f e l t e d  a sbes tos  

Inorganic aluminux-phosphate bonded a sbes tos  has  obvious a d -  

Thermal and Vacuum AjrinC; 

Perhaps t h e  most important conclusion t o  be drawn f r o r  t h e  
q u a r t e r ' s  work concerns t h e  absence of adverse a f f e c t s  due t o  
vacuum i n  thermal aging. In f a c t ,  q u i t e  t he  reverse  i s  t r u e  s ince  
t h e  absence of oxygen prolongs the  high texpera ture  l i f e  of' cany 
organic  i n s u l a t i n g  m a t e r i a l s  as i l l u s t r z t e d  i n  t h i s  case b y  Formex. 
The improvement i n  thermal aging t o  be had be e l i m i n a t i q  oxygen 
has  been known f o r  many years .  I n  c o n t r a s t ,  t h e  d i r e  prophesies  
of t h e  prophets  of doom concerning t h e  adverse e f f e c t s  of spzce 
environment on the performance o f  i n s u l a t i n s  m a t e r i a l s  do r,ot  stand 
up i n  t h e  l i g h t  of experimental  f a c t .  Based upon the  physics  of 
p a r t i a l  p re s su re ,  it seems exceedingly unl ike ly  t h a t  reducinz 
p re s su re  beyond tha t  u s e d  i n  t h i s  program will produce unexpected 
adverse e f f e c t s . *  I n  f a c t ,  pressures  of t h e  order  of a few m n .  
of Hg may be more important because of the  presence of oxygen 2nd 
t h e  p o s s i b i l i t y  of glow discharge a t  r e l a t i v e l y  low vo l t aces .  

The e x c e l l e n t  thermal c a p a b i l i t y  of ML i n s u l a t i o n  has  been ' 

reccgnized based m c t h e r  :$erk b u t  it is u s e f u l  t o  record t.h=7t 
t h i s  superior i ty  p e r s i s t s  when measurements on thermally aged wi re s  
are  made at. l i q u i d  helium temperatures. However, i t  i s  alscl apparent  
t h a t  change.8 i n  BE, produced by thermal aging may be de tec ted  w i t h  
f l e x i b i l i t y  measurements a t  cryogenic temperature before  they can 
be de tec ted  a t  room o r  e leva ted  temperatures.  

As expected on the basis of o the r  work t h e  cryoeenic perform- 
ance of &IT., and t h e  a sbes tos  Insulated wires  is e s s e n t i a l l y  unaffected 
by 60 d a y s  exposure a t  250 C except f o r  s l i g h t  e f f e c t s  apparent ly  
introduced by development of copper oxide a t  t h e  i n t e r f a c e  between 

* This  conclusion does not  hold necessa r i ly  of course f o r  o t h e r  
areas beyong the scope of t h i s  work such a s  l u b r i c a t i o n ,  contac t  
s t i c k i n g ,  e t c .  on which the au thor  i s sunqua l i f i ed  t o  comment. 
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t h e  conductor and the  in su la t ion .  If such  oxida t ion  is expected 
i n  s e r v i c e ,  aluminum o r  n i cke l  c o a t e d  copper s h o u l d  probably be 
used i f  loss of i n s u l a t i o n  adhesion w i l l  be func t iona l ly  impor tan t .  
The oxida t ion  does not  appear t o  a f f e c t  t h e  performance of extruded 
Teflon coa t ings  which i s  somewhat i n f e r i o r  t o  ML and a sbes tos  in 
f l e x i b i l i t y  a t  cryogenic temperatures.  

adequately a t  250 C. The i n i t i a l  poor  f l e x i b i l i t y  of PVC a l s o  r u l e s  
i t  out i f  such condi t ions  must  be met i n  cryogenic a p p l i c a t i o n s .  
The very poor f l e x i b i l i t y  of Formex i n  l i q u i d  helium a f t e r  aging i n  
a i r  f o r  60 d a y s  a t  120 C came somewhat as  a s u r p r i s e  t o  the  au thor  
(eva lua t ion  a t  room temperature d o e s  of course show some but  no t  
s e r i o u s  degrada t ion) .  The lack  of apparent  degradat ion of t he  PVC 
as Measured a t  room temperature a f t e r  aging 60 days a t  120 C i n  
both a i r  and vacuum i s  i n t e r e s t i n g  and the r e s u l t s  a f t e r  120 d a y s  
w i l l  be i n  consequence of grea t  importance. 

Obviously n e i t h e r  PVC nor Formex can be expected t o  performs 

F l a t  Ribbon Cable 

The supe r io r  performance o f  H film i n  ribbon cable s u p p o r t s  
the  a t tempts  t o  obta in  add i t iona l  cons t ruc t ions  u t i l i z i n g  t h i s  
mater ia l .  It I s  suggested a l s o  t h a t  E3 film may be very u s e f u l  i n  t h e  
ou te r  i n s u l a t i o n  l a  e r  over bundled  conductors ( o u t s i d e  the  scope 
of t h e  sub jec t  work 7 . 

The geometry of t h e  ribbon cab le ,  a s  expected, i s  important 
i n  determining the f l e x i b i l i t y  a t  cryogenic temperatures.  It  is  
recommended that minimum thickness of bo th  conductor and i n s u l a t i n g  
f i lm  be used i n  the cons t ruc t ion  of r ibbon cable  f o r  cryogenic 
appl  i c  a t  i ons . 
OBSERVATIONS AND SUMMARY OF TEST 3ESULTS 

Wire Evaluat ion 

F lex ib i  1 i tx 

measured a f t e r  immersion i n  l i q u i d  helium ( 4 . 2  K )  is summarized i n  
Table I and given i n  d e t a i l  i n  Table 11. Afte r  60 ' d a y s  i n  a i r  a i  
250 C t h e  copper is oxidized under t h e  i n s u l a t i o n  i n  every case.  
Th'e b lack  ,oxide genera l ly  l o s e s  8dhesion f o r  t h e  underlying copper 
(which may have an adherent layer  of red oxide) and zay adhere in- 
s tead t o  t h e  i n s u l a t i o n  s o  t h a t  f l e x i b i l i t y  may be impaired. Such 
e f f e c t s  a r e  noticed when both t h e  ML and the  asbes tos  coa t ings  are  
bent about small mandrels. The FL i n s u l o i i o n  develops r a d i a l  cracks 
b u t  does not spa11 off t h e  wire. I t  za; t r : ;d  t o  t u b e  a l i t t l e .  The 
asbes tos  f e l t i n g  on t h e  1/8" o r  1/4" m n d r e l  may open u p  more than 
it does before  thermal aging. I n  o t h e r  r e s p e c t s  Teflon, ML and t h e  
asbes tos  coa t ings  possess  remarkable r e s i s t a n c e  t o  thermal  a g i n  a t  

nor Formex (polyvinylfomnal) can wit!iSt?,nd 60 d a y s  a t  250 C without 
s e r i o u s  degradation. 

The e f f e c t  of thermal aging on the  f l e x i b i l i t y  of wire i n s u l a t i o n  

250 C. As expected n e i t h e r  F'JC ( p l n z t i c i z e d  polyvinyl  ch lo r ide  B 



-4- 

? '  . 
Q) 
PcI c 

a, 
u) c 
d 
.G 
0 

cd .c: 
0 

4 c 
ril 
0 
d 
%I 
d 

Li 
4 c 
cd 
0 
d 
k 
d 

d 
cd 
0 
d 
k 
4 5 

5 

c 
H O  

d 
t9 - 1 ' ,  

.ti 
m 

d 
m a 

0 z 0 
R 

0 
R 

.IC1 1 " a, a c 
cd 

a, 
b3 

c 2 
0 

E3 
5 
d 
d 
a, 
X " I  

% I  . - m  
Q 
F: 
cd 
0 
d 
k 

4 

9 
0 
4 
%I 
d 

0 
d 
%I 

d 

2) 
d 

d 

ZI 
d - -1 -4 

,G H I d m 
0 
E.7 

m m 
0 
R 

0 z a  c 2 
OPd 

x 
Q) 
d 
b.4 

%I 
0 

' -  J 
I- 

Q 
0 
a, 

G 4  
k w 

rl 
a, 
k 
a 
F: 
cd 
23 

'3 I 

'-1 P 

5 
Q) a 

a, 
k 
k 

(DE! 
m k  c a= 

cd 

n 

TJ 
a, m 

0 
4=J 
rn 

a 
3 
k x 

a, 
E 
L 
0 
lk 

x w 



c 

d e r 
4 

I 

( 

I 
I 
1 
I 

C 

8 
4 

1 
I 

c 
C 
2 
+ U 

z 
a a 
L. + 
m 

d 

= 4  
. 9  a 

oL1 

+ i 
-i a 
tr) 

c 

h 

v 

W 
c, 

iY 
d 
c, k c d 

4 

E 
d 

Q 

SI 
c 
d 

m .=: 
E 

c 

c 
I 1  I I I 

8 
I 

cn 
rl 

e 
b 



~~ 

’t 

6 . .  
-6- 

After 60 d a y s  a t  120 C no s i p i f i c a m t  chanGe i n  t he  f l e x i b i l i t y  
a t  cryogenic temperatures occurs foi- EL, T e f l o n  o r  t h e  a sbes tos  
coat ings as would be expected from t h e i r  recognized thermal c a p a b i l i t y  
and e x c e l l e n t  performance at 250 C .  Since PVC i s  eo b r i t t l e  anyway 
a t  4.2 K ,  changes a f te r  aging a t  120 C ,  if they occur,  cannot be 
evaluated. .  However, it should be ncited from t h e  resu l t s  i n  Table 111, 
t h a t  t h e  room temperature f l e x i b i l i t y  of  PVC i s  n o t  adversely.  
a f fec ted  a f t e r  aging 60 d a y s  a t  120 C .  The ag ing  of PVC in o t h e r  
s t u d i e s  has been found t o  r e l a t e  t o  p l a s t i c i z e r  c h a r a c t e r i s t i c s  and 
t o  t h e  e f f e c t i v e n e s s  of t h e  i n h i b i t o r  aga ins t  formation of  H C 1 .  
Decreased f l e x i b i l i t y  does no’t seem genera l ly  t o  develoj: g radual ly  
during the thermal aging of PVC b u t  r a t h e r  a “ threshold  occurs a t  
which b r i t t l e n e s s  develops suddenly. It  w i l l  be i n t e r e s t i n g  t o  see 
i f  t h i s  th reshold  is reached i n  120  d a y s  a.t 120 C ( t he  next ag ing  

s u f f i c i e u t  loea of p l a s t i c i z e r  a t  120 C t o  produce enbri t t lc inent .  
It i s  probable t ha t  no t  much o u t p ~ s s i n g  occurred a f t e r  t h e  first 
sev r a l  d a y s  a t  120 C. For t h e  first f & w  days a vacuum of abou t  
10’$ was held which Improved r a p i d l y  $0 b e t t e r  t han  10-5 and then  
improved more s l o w l y  t o  a b o u t  2 X lO-(’Torr. 

, per iod) .  It is noteworthy that t h e  hard vacuum d i d  not  cause a 

1 
F- 

m r t‘ 
r m 
II i 

1- 
L. 

I n  c o n t r a s t  t h e  d i f f e rence  i n  t h e  3 s i n s  of Formex i n  a i r  and 
vacuum a t  120 C i s  m a r k e d .  As h a s  been observed before ,  p a r t i c u l a r l y  
with t e s t s  in n i t rogen ,  oxygen ( i n  2.ir) h z s  a d e l e t e r i o u s  e f f e c t .  
Cer ta in ly  any poss ib l e  e f f e c t  t h a t  vacuum may have in removing 
v o l a t i l e  components i s  more than overbaslanced by the absence of 
degradat ion from oxida t ion .  The r e l a t i v e l y  g r e a t e r  degradat ion 
of Formex i n  a i r  as compared t o  vacuum is demonstrated both  a t  cryo- 
genic temperature (Tables  I and 11) and a t  room temperature (TableIII) .  
There i s  no evidence of t h e  presence of apprec iab le  black copper 
oxide on t h e  wires  aged i n  a i r  a t  120 C .  Other work i n d i c a t e s  that’  
such oxide d o e s  not  form a t  temperatures much below 175 C .  

D i e l e c t r i c  P r o p e r t i e s  

Capacitance and d i s s i p a t i o n  f a c t o r  measurements have been made ’’ * on the cabled t e s t  specimen described i n  the  f o u r t h  q u a r t e r l y  and 
f i n a l  r e p o r t  da t ed  Ju ly  16;1962 and shown as Fig. 1 and Photo. 1 
of that  r epor t .  
Teflon rather than PVC t ub ing  (Thermofit)  was used i n  the assembly. 
.The samples were handled as ca re fu l ly  as p o s s i b l e  s i n c e  it i s  
recognized tha t  mechanical dis turbance wou ld  a f f e c t  t h e  meesured 
value s . 

The samples were made before aging and a shr inkable  

I n  t h i s  s e r i e s ,  t he  measurenents a t  1 Kc have been made with 
a new General Radio transformer r a t i o  a,rm br idge which p e r n i t s  t h r e e ’  

.- t e rmina l  measurement of much lower va lues  of d i s s i p a t i o n  f a c t o r  than  
the  previously used Wayne Kerr b r i d t e  p a r t i c u l a r l y  w i t h  srncll values  
of capaci tance.  As noted i n  the I”ootnoie  0 ;  Tr,ble I V ,  t h e  bridze 
s e n s i t i v i t y  f o r  d i s s i p a t i o n  f a c t o r  :it, 1 Kc i s  a t  l eas t  .00005. It 
i o  aaaz inc  tha t  near ly  every value sennured on t h e  thermally aged 

. .  wire samples i s  belcw even t h i a  t r e z e n d o u c  s e n s i t i v i t y .  A nuEber 
of cross-checks have been mad& #it.;; t h e  ’“-.* gne-Jne  Kerr br idze .  Very 
c lose  agreement i n  capacitance is obtained and i n  dissipation f a c t o r  

L._ 

’ 
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Tab le  I11 

Repeated Mandrel F l e x i b i l i t y  Tests  i n  Air a t  Room Temperzture 
a f t e r  

Thermal Aging 

Aged 60 days,  120 C Aged 60 d a y s ,  120 C 
In  A i r  I n  Vacuum 

1/8" Failed - S p l i t s  &- pee l s  o f f  No damage - Formex 
looks  tipt a t  c u t  ends " Heavy n ft I1  

Fo%ex 1 / v  f( I f  ff . (I . 
1/2" No damages tf I1 (I 0 I f  3/4" " " * 

" 46 It  (1 If II I1 I t  1 " 

* Although no damage is shown 
i n  t h e  f lexed area the cu t  ends 

' of t h e  wire look as though t h e  
Formex I s  l oose  and mieht sxli t  
e a s i l y  as it d i d  on t h e  l /8 & 
1/4" mandrels. 

PVC 1/8" No damage 
1/4" No t e s t  
1/2" No t e s t  
3/4" No Test 
1 "  No damage 

No darcage 
If (1 

ff I 1  

Note: No e f f e c t  of thermal aging on room temperature f l e x i b i l i t y  
was expected o r  noted f o r  Teflon,  HML, o r  the a sbes tos  inaula ted  
wires. 
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a t  vzlues  wi th in  the  range of t h e  Ii2Tine Kerr br idge.  I t  i s  recognized 
now t h a t  some of t h e  very low v a l u e s  of d i s e i p a t i o n  f a c t o r  obtained 
e a r l i e r  i n  t h e  program w i t h  the  W,-,;:ne Kerr br idge have been Tore o r  
l e s s  i n  e r r o r .  Such very small e r r o r s  1-ir.ve l i t t l e  o r  no s i c n i f i c a n t  
.meaning i n  terms of the  conclusions t o  be d r a w n .  

D i s s ipa t ion  f a c t o r  measurements a t  23 C and 4 .2  K before  a.nd 
a f t e r  aging a r e  reported i n  Table I V .  i t  u s t  be remembered t h a t  
f o r  the  cabled sample the  d i s s i p a t i o n  f a c t o r  i s  r e l a t e d  t o  t h e  
sample conf igura t ion  and i s  not the  value f o r  t h e  ma te r i a l  i t s e l f .  
(though c lose  t o  i t ) .  The value is  use fu l  f o r  comparison and i t  
a l s o  i n d i c a t i v e  of t h e  p r a c t i c a l  s i t u a t i o n  i n  which wire samples 
a r e  cabled toge ther .  However, the changes ind ica ted  i n  Table I V  
may have r e l a t i v e l y  l i t t l e  func t iona l  s ign i f i cance  but are nore 
meaningful i n  terms of understanding t h e  e f f e c t  of thermal a.g,ing 
and measurement temperature. A l l  of t h e  samples were allowed t o  
reach moisture equi l ibr ium a t  505 l i H  and 23 C.  

Table IV i s  u s e f u l  i n  showing the  e f f e c t  of thermal ag ing  on 
t h e  d i s s i p a t i o n  f a c t o r  a t  room temperature.  Only ML and aluzinum 
phosphate bonded a sbes tos  were evaluated a f t e r  ag ing  a t  250 C. The 
small increase  i n  d i s s i p a t i o n  f a c t o r  f o r  the  MI, i n s u l a t i c n  m y  
ind ica t e  degradat ion but more l i k e l y  i s  r e l a t e d  t o  d i e l e c t r i c  l o s s  
i n  the  copper oxide which develops.on the  copper su r face  under t h e  
MI, coat ing.  The considerable  decrease i n  t a n  6 wi th  t h e  a sbes tos  
insu la ted  wire probably r e l a t e s  t o  a permanent l o s s  of water i n  the 
aluminum phosphate bonding mater ia l .  

The changes in d i s s i p a t i o n  a t  23 C s f t e r  aging a t  120 C i n  a i r  
and vacuum are more i n t e r e s t i n g .  I n  exanple,  t h e  d i s s i p a t i o n  f a c t o r  
of Formex inc reases  a f te r  aging i n  a i r  b u t  shows no s i g n i f i c a n t  
change a f t e r  aging i n  vacuum. In  contr2,st  XI, is s l i g h t l y  ixproved 
(lower d i s s i p a t i o n  f a c t o r )  by agins  i n  bo th  a i r  and vacuum a t  120 C .  
The Phelps Dodge ML i n i t i a l l y  has a somewhci h i e h e r  v a l u e  OF d i s s i -  
pa t ion  f a c t o r  t han  t h e  GE wire and i s  iruproved more by t h e  thermal 
aging. Du Pont has reported t h a t  room t eape ra tu re  d i s s i p a t i o n  f a c t o r  
can be used t o  measure cure  and on t h i s  basis t h e  i n i t i a l  cure  of 
t he  GE wire would be considered t o  be b e t t e r .  

The slight increase  i n  t a n  d f o r  PVC a f t e r  aging a t  120 C may 
i nd ica t e  degradat ion which is not  g e t  measurable i n  t h e  mechanical 
p rope r t i e s .  The r e s u l t s  af ter  120 days aging w i l l  be i n t e r e s t i n g  
i n  t h i s  respec t .  The small changes i n  the  very low d i s s i p a t i o n  
f a c t o r  f o r  Teflon a f t e r  aging a re  not believed t o  be s i g n i f i c a n t .  

The comparison i n  t a n  6 a t  23 C f o r  t ne  asbes tos  in su la t ed  
wires  before and a f t e r  aging a t  120 C i s  i n t e r e s t i n g .  The va lues  
show no s i g n i f i c a n t  change f o r  the KL c L a t e d  asbes tos  without 
phosph.ate bond ( t h e  very small chpnces F r o b z b l y  a r e  due t o  e i f f e r -  
ences i n  h u m i d i t y  equ i l ib r ium) .  I k l  c c c t  r-st,  the d i s s i p a t i o n  
f a c t o r  of aluminum phosphate bonded asbestos i s  decreased m a r k e d l y  
by thermal aging a t  120 C d u e  p r o b 3 b l y  i o  t h e  permanent l o s s  of 
moisture from t h e  aluminum phospkicjte. I L ? ~ :  ~ f i i~ewhi i t  g r e a t e r  decrease 
i n  t h e  va lues  a f t e r  aging i n  vacuum as compared t o  airwould seem t G  

m, 

6 
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Confirm the  b e l i e f  t h a t  t h e  l o s s  of n v o l i i i l e  c o n s t i t u e n t  l i k e  
moisture is involved. 

The extremely low value of d i s s i i 7 n C i o n  f a c t o r  f o r  t he  w.mples 
measured i n  l i q u i d  h e l i u m  a t  4.2 K r,:n'r;es con;pnrison u s e l o s s .  I t  
does  not  seem s i g n i f i c a n t  t h a t  one Forxex 2nd two of t h e  Teflon 
samples could be measured w h i l e  a l l  ol' t:ie o t h e r  va lues  were below 
the  l i m i t s  of Sensitivity w i t h  an extretnely s e n e l t i v e  bridco, From 
the p r a c t i c a l  po in t  of view t h e  e l e c t r i c a l  loss a t  l i q u i d  helium 
temperatures i s  so  low t h a t  no p r a c t i c a l  problem should be encountered. 

e f f e c t  not only of thermal aging b u t  zlso the e f f e c t  of very low 
temperatures.  I should be noted i n  t h i s  respec t  also, t h a t  t h e  
.values rrieasured include the  e f f e c t  of' sample Geometry and cannot 
be t r a n s l a t e d  i n t o  values  of d i e l e c t r i c  cons tan t .  The neasured 
values of capaci tance a r e  given i n  Table V and coxcparison i r ?  terms 
of r a t i o s  i s  @veri i n  Table V I  which  w i l l  be used here  because it 
i s  e a s i e r  t o  comprehend. 

e 

ChanGes i n  capaci tance,  howevei-, c m  be used t o  s t u d y  ihe  

It should be recoenized t h a t  moisture,  p o l a r  c h a r a c t e r i s t i c s  
of the ma te r i a l s  and dens i ty  :I"l'ect the  v,olue of cE,pacitance (as  
well  as geometry). F o r  example ?,n icci-ease i n  dens i ty  w i l l  i ncrease  
capacitance which probably explains  the  srriall increase  ncLed i n  
Teflon ( a  non-polar m a t e r i a l )  a t  l i q u i d  helium temperature.  The 
slight increase  i n  capaci tance f o r  Teflon a t  23 C a f t e r  hea t  ag ing  
may r e l a t e  t o  small changes i n  Geometry ( thermal  r e l a x a t i o n ) .  I n  
con t r a s t  t he  more marked decrease iil capaci tance a t  4 .2  R Tor Fornex 
and o a r t i c u l a r l g  PVC probably r e l z t e  t o  p o l a r  c h a r a c t e r i s t i c s  which 
a r e  "frozen out a t  t h e  low temperatures.  Change i n  value f o r  t hese  
two materials a t  23 C a f t e r  thermal ac ing  a r e  probably a l s c  due i o  
changes i n  sample geometry r e s u l t i n g  from slight thermoplast ic  f low.  

The l ack  of s i g n i f i c a n t  change i n  t h e  capaci tance of 1:L insu- 
l a t i o n  i s  s t r i k i n g  - , e v e n  a f t e r  a@nE a t  250 C.  It i s  knoh'n t h a t  
e s s e n t i a l l y  no thermoplast ic  f low occurs with ML and t h e  m a s u r e -  
ments confirm it .  Cureapparently does not change capaci tance as it 
does d i s s i p a t i o n  f a c t o r .  The l ack  oi' change a t  cryogenic texpera-  
t u r e s  i s  more s u r p r i z i n g  and ind ica t e s  l i t t l e  e f f e c t  of E o l e c u l m  
po la r i za t ion .  The s t a b i l i t y  of  capaci tance w i t h  XL may b e  impor i zn t  *.. 4n snma Y I U Y  nrn-t iczl .  p* U Y "  app l i ca t ions .  

The changes i n  capacitance f o r  the a sbes tos  insu la ted  wires  
confirxcs t h e  explana t ion  f o r  the changes noted e a r l i e r  i n  d i s s i -  
pat ion f a c t o r  - a permanent l o s s  o f  moisture a f t e r  aging'3.t  120 C '  
decreases the  room temperature capaci tance f o r  aluminum-phosphate 
bonded asbes tos  and t h e  decrease i s  g r e a t e r  a f t e r  aging i n  vacuum. 
The lar[ge decrease i n  capacitance .zt 4 . 2  K f o r  both a sbes tos  insu- 
l a t ed  samples ind ica t e s  t h a t  a t  cryo;;enic temperatures  the  polar 
e f f e c t s  of moisture i n  both a luminum phosphate and t h e  a sbes tos  a r e  
"frozen out" as has been noted i n  e a r l i e r  r e p o r t s .  
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Studies o f .  Crushinq 

Fa i lures  have sometimes o c c u r x d  i n  l?,r!se rcagnet c o i l s  oper- 
a t ing  a t  cryogenic temperatures.  
as the r e s u l t  of crushing i n  t h e  i n s u t - ‘ , i o n  ?-t cross-overs Setween 
wires. I n  consequence at tempts  h,-ve L c w  xade t o  s t u d y  t h i s  s i t u -  
a t ion  q u a n t i t a t i v e l y .  In  t h i s  iniLinl iirojrnm, measurements have 
been made a t  room temperature ana i n  l i ( ; i i i d  ni t rogen .  The t e s t  

. sanple  (wire)  has been supported in a $ round s l o t t e d  a n v i l  and 
subjected t o  pressure  from e i t h e r  a -010 in .  o r  .O25 d i a .  piano wire 
rod held i n  a small f i x t u r e  and supported i n  an Ins t ron  t e n s i l e  
mzchine s o  t h a t  t h e  rod is  held a t  a ri@t angle with t h e  wire.  The 
load is applied from t h e  Ins t ron  b y  a saddle arrangement t h r o u g h  a 
th in  walled s t a i n l e s s  s t e e l  tube t o  minimize hea t  l o s s e s  from the  
t e s t  assembly which f o r  cold t e s t s  i s  held i n s i d e  a conventional 
Dewar f l a s k  and kept cold by immersion i n  l i q u i d  n i t rogen .  The 
assembly i n  the  Ins t ron  ( w i t h o u t  t he  f l a s k )  is shown i n  Photo 1 . 
The a n v i l ,  rod and a s p h e r i c a l  contac t  menber t o  be used i n  f u t u r e  
s tud ies  a r e  shown i n  Photo 2. 

‘i’1 e €- i l l i r e s  seen t o  h a v e  occurred 

It was hoped t h a t  d i s c o n t i n u i t i e s  i n  the  s t r e s s - s t r a i n  cha r t  , 
made as l o a d  was appl ied t o  t h e  sample could be used t o  i n d i c a t e  
the p o i n t  a t  which cracking o r  crushing occurred i n  the  i n s u l a t i o n  
of the t e s t  sample. So f a r  such s t r e s s - s t r a i n  curves  have not  
been s e n s i t i v e  t o  c racking  which occurs f o r  example i n  Formex but  
the curves do i n d i c a t e  t h e  gross s h a t t e r i n g  which occurs w i t h  PVC 
i n  l i q u i d  ni t rogen.  

To da t e ,  t e s t s  have been made with u p  t o  70 pounds appl ied t o  
the .010 in .  diameter rod  and 500 pounds  appl ied t o  HML i n su la t ed  
wire using the  -025 i n .  diameter r o d .  I n  l i q u i d  n i t rogen  PVC 
insulated wire is s o  b r i t t l e  t h a t  t he  weieht of t h e  saddle  (4.7 
pounds) on the  rod w i l l  by  i t s e l f  produce cracking. ForEex insu- 
la ted  wire cracks and s p a . l l s  i n  l i q u i d  n i t rogen  during t h e  time 
t h a t  50 pounds i s  slowly a p p l i e d  t o  e i t h e r  s i z e  r o d .  The load a t  
which cracking a c t u a l l y  occurred could not  be determined from t h e  
s t r e s s - s t r a i n  cha r t  and more t e s t s  will be needed t o  make a p r e c i s e  
determination. HML i n su la t ed  wire i n  l i q u i d  n i t rogen  has  not  been. 
dznaged by 70 pounds appl ied  t o  t h e  .010 in .  rod o r  500 pbunds 
applied t o  t he  .O25 i n .  r o d ,  PVC, Formex and HML a r e  not  damaged 
by the  loading t e s t s  when made a t  room temperature,  

The rod  loading  t e s t s  deform t h e  copper l eav ing  a depress ion  
t o  about ha l f  t he  diameter of the wire wi th  t h e  s m a l l e r r o d  and 
subs t an t i a l ly  more with t h e  la rge  r o d .  It  i s  amazing th2.t ML 
in su la t ion  is s u f f i c i e n t l y  d u c t i l e  ;it l i q u i d  n i t rogen  temperature 
t o  take such gross  deformation i . J i thout  f a i l u r e .  
a t ion  is probably not  r ep resen ta t ive  c)C a’,, l e a s t  most p r a c t i c a l  
s i t u o t i o n a .  Consequently, the  developxent of shear as wel l  as 
6traiGt compression load w i l l  be 3 t t c n p t e d .  The next measurement 
w i l l  be made with a loaded b a l l  supportr.3 between two wires  as 
sketched below. ,--- loaded sphere 

Such gross  deform- 

wi re s  supported i n  a n v i l  e 
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I4andr 1 f l e x i b i l i t y  t e s t s  foi- 3 po lyes t e r  (Nylar )  insu la ted  
ribbon cable  have been described i n  t h e  f i f t h  q u a r t e r l y  r e p o r t  
(pages 5 & 6 ) .  
mandrels but  not  on a 1 "  mandrel except where t h e  sample was over- 
s t ressed  a t  the  po in t  o f  attachment.  S i a i l a r  t es t s  f o r  t h r e e  , o t h e r  
ribbon cables  a re  summarized i n  Tnble VII. Sample I made wi th  H 
f i l m  ( a n  aromatic polyimide Icater ia l  from Du Pont with cheixical 
c o q o s i t i o n  s i m i l a r  t o  8% enamel) e x h i b i t s  supe r io r  perform- Gnce. 
Smple  I1 with an exac t ly  s i m i l a r  Geoxetry t o  t ha t  of Sample I 
b u t  made with N y l a r  p o l y e s t e r  f l l K  cracks on a larger  mandrel 
The much t h i c k e r  Sample I11 cracks on a 1 "  mandrel d e s p i t e  con- 
s t r u c t i o n  wi th  FEP Teflon. The r e l a t i v e l y  poor  performance is 
assessed a t  l e a s t  i n  part t o  t h e  i=e:vicr cons t ruc t ion .  

In  these  t e s t s  cracking v m s  obtained on i'' and 2'' 

Attempts a r e  s t i l l  being made t o  ob ta in  H f i l m  insula.ted f l a t  
r ibbon cable  h o t  bonded therrnoplzst iczl ly  wi th  t h i n  FEP Teflon f i l m .  

Measurements on f l a t ,  ribbon cable  have been l i m i t e d  s o  f a r  t o  
mandrel f l e x i b i l i t y  which i s  believed t o  be t h e  c r i t i c a l  ret-uirement 
f o r  cryogenic app l i ca t ions .  h'hen an optimum cons t ruc t ion  i s  decided 
upon a d d i t i o n a l  t e s t s .  a r e  merited.  

D i e l e c t r i c  P rope r t i e s  of Crgof;enic L i q u i d s  

Time has been unavzi lab le  d u r i n G  t h e  q u a r t e r  f o r  breakdown 
measurements on cryogenic l i q u i d s  XsinG the  new t e s t  assembly 
described i n  the  f i f t h  q u a r t e r l y  r e p o r t .  However, i t  now seems 
f e a s i b l e  t o  make u s e f u l  capacitance and d i s s i p a t i o n  f a c t o r  rceasure- 
menta. The new General Radio br idge  s r e n t l y  improves t h e  p r e c i s i o n  
poss ib le  f o r  loss measurements, In a d d i t i o n ,  Mr. J. M. Atkins h a s .  
made an  ingenious suggest ion t o  use a, h i ~ h  vol tage  vacuum c a p a c i t o r  
mounted i n  a g l a s s  envelope as an e l ec t rode  system. R glass s i d e  
arm w i l l  be fused i n t o  t h e  g lass  envelope s o  t h a t  a vacuun: m y  be 
drawn on the  1000 p f d .  capac i tor  while immersed i n  a cryosi3.t .  
Pure helium, n i t rogen  o r  hydrogen can then be admitted and allowed 
t o  condense around t h e  e l ec t rodes ,  i n  t h i s  way accu ra t e  d i e l e c t r i c  
constant and d i s s i p a t i o n  f a c t o r  measui-ements should be r e l a t i v e l y  
e a s i l y  made. 

PROGRAM FOR JANUARY AND THE SEVENTH QUARTER 

I n  January t h e  vol tage  breakdown measurements of aged samples 
V i 1 1  be continued. D i e l e c t r i c  measurements on aged samples w i l l  be 
made i n  l i q u i d  n i t rogen  i n  the hope tha t  t he  d i s s i p a t i o n  f a c t o r  w i l l  
be within the s e n s i t i v i t y  range of bridge and w i l l  provide u s e f u l  

S t u d l c s  of c r ack inc  r e s i s t a n c e  
W i l l  also be continued. 

v -. Information on the  aging process.  

Samples aged i n  a i r  and vacuum ai 120 C w i l l  reach 120 d a y s  and 
be reiroved f o r  t e s t  e a r l y  i n  Karcfi. Y:-ny i ) f  the r e s u l t s  ol" such ac ing  
3:?0uld be ava i l ab le  f o r  t h e  next q w r t e r l y  r epor t .  I n  t he  next 
quar te r  also, s t u d i e s  of the d i e l e c t r i c  p r o p e r t i e a  of cryogenic 
l i q u i d s  W i l l  be resumed. 
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Table VI1 

Repeated Mandrel F l e x i b i l i t y  i n  Liquid Helium 
OM 

F l a t ,  Ribbon Cable 

Mandrel 
Dia . -In. C z.bl e - 

P o l y s t r i p  (H-100-C-25) t 

Spacing o . 100'' 2 

Resin Bonded H - F i l m  
Conductor ,003" X .040" 

3, 

P o l y s t r i p  (P-100-6-12) i 
Resin Bonded Malar 
Conductor .003 X .040" 2 

Spacing 0.1  00" 
r_ 

1 

Po lys t r ip  (TX-156-6-20) 1 
.010 i n  FEP Teflon 
Conductor .010" X ,078 
Spacing 0.150 

Remarks 

2rolre only where over s t r e s s e d  c l o s e  
t o  nandrel attachment.  No o t h e r  
damage. , 

Cracked only where over s t r e s s e d  as , 

above. 

Complete F a i l u r e  - Fi lm delaminates  
loosens and p u l l s  o f f .  
Cracks only where over s t r e s s e d  
c lose  t o  p o i n t  of attachment t o  
mandrel. 
No o t h e r  damage 

Same as  f o r  inch mandrel 

F i l a  cracked ac ross  t h e  s t r i p  a t  
spacings $?' t o  1 "  apart. 
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Photo 1: Crushiiir?, Fi\t i1i.c for INSTHON 
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